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Isolation and Characterization of a cDNA Encoding CycD3 Gene from Potato
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ABSTRACT D-type cyclins are believed to regulate the G1 to S phase transition in response to nutrient and
hormonal signals. We investigated the expression characteristics of the key cell-cycle regulators, mitotic and G1
cyclins in potato (Solanum tuberosum L.). We isolated D-type cyclin gene from potato and it was classified as D3

cyclin by sequence similarities and a phylogenetic analysis, and named as StcycD3;1. The accumulation of

transcripts was predominantly associated with mitotically active organs, such as stolons, roots, flowers, leaves, and

stems. Transcription of StcycD3;1 can be induced by sucrose.
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A E B A E A2 cell cycle Z42te] GAo) A Soldt
A AYA} 53, G719 F719 GUM7]e] ZHo] F 23
ok o] Al7le] HEsh= dubHEQl MEF7) A e
cyclin-dependent kinase (CDK)$9} cyclin®] EIAZA 23
ZFA 9L £33k Ut} (Pines 1995; Mironov et al. 1999).
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2]2 inhibitore)) 93] FEFE Wt (Lees 1995). AlFH, 7+
&, 7158 §AMIY) wiel CDKsE oAl 2§02 Ut 4
£ 2o}, £53} yeast®] CDKs®} 733 CDK A~CDKEZ v}
=t} (Mironov et al. 1999). 713 G737} @o) £3¥ CDKE
CDK Ao}, o= PSTAIREZ 1 ¥ F4#9] EA) o) o
3 EAFD yeast p3 TP 15 SURL e IF
oltt. CDK B I&-2 A& ATt ko] HAUh 48l <&
#HA cycling 7R BF A 749 2Fo] RuHoH
Z+z} cyclin A, B, Do]t} (Renaudin et al. 1996). A-type cycline
$7),G27),M7]9] Z7)o] F&E 3, B-type cycline G27],
M718] Z7le &S skt olE2 FAREEC] B¢ o
ubiquin/26S proteasome]] &J&) | H7] APR] F7|HOE
24281t} (Geneschik et al. 1998). A-type cyclin2 Al, A2, A3$}
7o) 3709 sub-groups .2 Eo] 1o, B-type cyclind BI,
B22Z o] It} (Renaudin et al. 1998). D-type cyclin D1, D2,
D3, D42 F o)A 4o (De Veylder et al. 1999), D-type
cycling G178 A= 948 o, AF ZE2Fo 4
okR-o)) 933kS- Wh=r} (Dahl et al. 1995; Soni et al. 1995).
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2 A7oM e ZAA cell cycled #EE A4S Hx
LR, 11 F Gl7]o] #oAshy GI/S7|29] Aes
13} D3 cyclin®] sucrose®] FZoll whebr T3 747

A
7180 wEh BEPFE AR

Jpe

AMENZ ZALR) Aeh H A

o) ela" 7R} (S. mberosum L. cv. superion) ] A
A ARAE B8t Wols: fEd FH 16417 F27, 84
& 27 stellA wigFEtATh A EEE AEE A
A717v 8 wi7A] <k 877 71 T, 7 AR A st A
A ZZ AFEYTh =3 CyeD3 AR} sucroseo]] o o
grS uh=x] dobr 7] ¢13led MS (Murashige and Skoog 1962)
aAA S 3% sucroseE FrEsle] ZEldE o,
25C, 16A17F FZ27 ool M 15 wikst et 7w s okt
7 AL 0%, 3%, 6% sucrose7} A 7HE MSEAulAd %
AF F 18T oA 24, 72217 ulf & A} o HHA|

g AHHEn
HE7| 221 SR RAL 241 2 primers iz}

NEZ7) B8 $A7 2 D3cyclin A4S Beshr) 93t
o 7xzpel 7+8 TRl Il &= Bl (Nicotiana tabacum: Nt)
(CAA09853.1, CAA09854.1)9t ER}E (Lycopersicon esculentum:
Le) (CAB60838.1, CAB60837.1, CAB60836.1) ZHE| Hz]5] o]
Z cyclin DAIEY] FAx4 F7IMEs Hlw £485h ol&
HlEL O 2 mixed baseE ¥ 83 universe primer (UniCycD3)&
T2 7o) AZstart UniCyeD3(L) 5-TGGATGADT-
CAACTTGCTGCTGT-3", UniCycD3(R) 5~ATCVATAACHC-
CACTTGGACTVC-3".

Total RNAS| £& U CyeD3 FHAC| 22| L 24

DL ERIE 0 4 A4S 247 0282 AP F A
Ao F& YFAIA ofF mAEHA H st Bosiet
Shirras 5 (1984)2) WH-& <7+ MY3lo total RNAE 2
o olgAl E2] 3 total RNA 5 ugS moloney murine
leukemia virus reverse transcriptase (M-MLV RT, Promega Co.,
USA)E o]&3}] ¢DNA libraryE A28t} 182
UniCycD3 primerE o] &3l PCR ZZ-& 3l insert 7]
5 I3 F 500bpd] AL At A7 IME EA4L 5
t}h. CyeD3 2] full length cDNAE Eajs7] 95l ohe
3 748 primerZ AR EE T SteyeD3(F) ATGGCAATAGAG
AATAATGAT, StcycD3(B) TTAATGAGGACTACCAACAGC,

O o g

o]&A| AMAH primerE o]43lo] PCR ZTEL Es}e Ao
product® 2 H 474G BAEACH

2

Genomic DNAQ| £ 3! full length CyeD3 FHAL &2 &
24

Genomic DNA 9] F& & Marmurd) HHHL W sl 43
SR (Marmur 1961). o] A 23k genomic DNAE
GenomeWalker kit (Clontech Co., USA)e|A] Al 238 2 &uby
o) ulz} DNA libraryZ 2H=0]A] long PCR#} touchdown PCR
WS B8l S22 PR AES 2498 A E7INES
AT o] FAel M ARS-E primerst TR 2. Gene
specific primer: GSP1(R); 5° CATTGTTCTTTAGCCCAAGCC
TCCTTA 37, GSP2-1(R); 5" GGTCACTGGATTCATCCTCCAT
TTCAG 37, GSP2-2(R); 5° GAAAGACAAGTGACAGCAGCA
AGTTGA 37, GSPI(L); 5 TCAACTTGCTGCTGTCACTTGTC
TTTC 37, GSP2(L); 5 CTCAAGTTCCCCTTCTTCTTGACTTC
C 3. 4= clone2 NCBI®] BLAST Z21%S Al&sla
homology 74§ 4A)3}8ck 1837 DNAsis (Hitachi, Japan)
B Al £z #4E 3193 CLUSTAL W =273
(DNASTAR, USA)& AME-ste] f-d3A1E vl #498tqich

Semi-quantitative RT-PCRE 0|25} 7|2HE wWaiokt BAM

AR CyeD3 F3Ae SRS A1) 3t 7
Ze] 22 (flower, stem, leaf, tuber, stolon, root) & 233k tl-2-
Joubes2] W& WSl £3EF Tt Joubes et al. 1999,
2000). 7478 Ao wHE FHH 5 uge| total RNAE ©]§
ate] cDNA library & A 2bet |5 I AHES 11102 3]4314
semi-quantitative RT-PCR ¥H3-& 23] w)w3lgo) CyeD39)
g PCR A2 3 Ao #2412 densitometerE Ab
B3t AFEA S

% 3 0¥
A fre MER7| FERe] 22

A fel CyeD3 HAAE E2317] st -4 7HA 1
2l (V. tabacum)@y EVLE (L. esculentum)Z2F-8 £2]¥ D-
type cyclin §-2242] @7] MEL vl FASN, T Aot o
wjol EntE ol et fAMIE #ESIA olF v
© 2 mixed baseE XS universe primer (UnicycD3)S A3t
3lo] e} EntE 2 (callus, seedling, root, young leaf) 0.2
HH RT-PCRE 331tk A& Qld PCR 27& v
2 704 ZFo)M 228 ol RNAS 3302 RT-PCRS
AN 7h2} FEl2) CyeD3 clonesE Y% EH 31T o]



A FRE FAAE B4 A3 2R {39 CyeD3d g
e AYS ¢ F AU ;IE fHAAY] HEE EdE
CycD3 54 A F7IMES E23l7] $98k Genome
Walker kit (Clontech)olj A} 33l AgubHe) w2} DNA
library & A28} 2.8 long PCR3Y} touchdown PCR ¥PH =
3ty FEH PCRAES F2Y% 7 E71XE8& H”O}ﬁi
o} 5k ol At A A 2 total RNAE 7302
RT-PCRE AA8led tha] &l 7hab $219) full CyeD3 gene
< P39 FA3Ath 245 clone> NCBI9] BLAST Z
2I9E AHEste] homology 7S AAlsHAt 2|2
DNAsis (Hitachi)& AHLEke] /42 8418 d1¢i . CLUSTAL
W2 33E AHEsl FARAE By sk #4972
3, A A E2E CyeD3 FAAe] 7]+ 1086 bpol™, &
AFES XFES 362709 ofuiite® FAE ANT
(Figure 1). o]ZFA| &4 =Holzl FAAE StCycD3;1 2 B3}
Hk StCyveD3;19] opui At E A A3 & D cyclin
927 2 cyclin boxE 7}RA1 7 90w (Figure 2), retinoblas-
toma-related proteins3} ZAEs= F99 LxCxE 97} N-
terminusd)] A8 AL & 4 YT (Figure 2) (Sherr 1993;
Renaudin et al. 1996). 28t G1 cyclins©] A&3A4 BAAHATH
7} AEAA 2 W 903 PEST 397} C-terminalel] &) 3k
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Figure 1. Nucleotide and deduced amino acid sequence of D cyclin
isolated from potato. Translation initiation and termination codon are
under lined.
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t} (Figure 2) (Rechsteiner and Rogers 1996). o|&{g+ ZAxg &
Sl AAelA Relslolnl SICyeD3 | FAAE oblAr A

& o8 HERN 218 R opxAt NEFR FEA
S H) w8 A3} tomato2} 3% AW %7 L1EFEC M, tobac-
co%} 83%, SH71gh et 711%2] && 454& HEpgIth &
g olr At MEE o]&3td AFEME AAEY B Fd,
oAl gl 93%E S =2 AEAS e tomato
2 LeCycD3;29} 742} & D3 cyclino] wj$- 7p74-3- f<
A e Aoz A} HAH (Figure 3).
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Figure 2. Comparison of the amino acid sequences of D3 cyclins.
Deduced amino acid sequences for potato cyclin D3 was compared
with the multiple alignment program CLUSTAL W version 1.7.
Shaded areas are consensus regions among proteins in each
respective group; identical amino acids are darkly shaded and similar
amino acids are lightly shaded. LeCycD3;1 (accession number
CAB60836.1), LeCycD3;2 (accession number CAB60837.1),
LeCycD3:3 (accession number CAB60838.1),
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& Arabidopsis9] cycD4;19] lateral root 7] AS FA3sle

H2o SloMeE FABI, 227Xl 43 tomatos}t
tobacco?] 7ol lojA =, AdHel] Hls) XAl ofH I,

Y, F FEA 1-5~2HH 7y “}O] HEEE AL B9 D-
type cyclino] 9] we} THE 7158 Vel 29S¢
,,;q (Kvamheden et al. 2000; Sorrell et al. 1999). 7Hx} )7

= A8 71 B2 EA sucrose] A4 ojFof 3
|3 °] =), o) 3 cell cycledE F33EHA] gtk oln] B
¥ vl w29 EnlgEo] A9 lolA ujA] W glucoses}
EAEA s WEok ZXHRS W D3 cycling] BH Fo] &
olXth= AlAS Bolsh 4= 9t} (Joubers et al. 2000). T18]37
Arabidopsis®] 739 D cyclin #7822 W8S 2As =T
sucrose7} FAsl= Aoz B IHUT) (Riou-khamlichi et al.
2000). ¥ ApolM L ZixF 9 HAA ) o= X9 sucrose
& A8 Bk -4 2R 9o AAHAE sucrosed] FEIF
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Figure 3. Relationships and phylogenetic analysis of plant D cyclins
based on amino acid sequence data. (A) Antma, Antirrhinum majus
(Gaudin et al. 2000); Arath, Arabidopsis thaliana (Soni et al. 1995)
Cheru, Chenopodium rubrum (Renz et al. 1997); Heltu, Helianthus
tuberosus (Murray 1999); Le, Lycopersicon esculentum
(Kvarnheden et al. 1999); Nt, Nicotiana tabacoum (Sorrell et al.
1999); Pissa, Pisum sativum (Shimizu and Mori 1998); Sol, Solanum
tuberosum. The three distinct groups of CycD cyclins, CycD],
CycD2/4 and CycD3, are indicated on the right. (B)The relationship
between the different CycD3 cyclins suggests the probable existence
of at least three subgroups. These have been designated CycD3a,
CycD3b and CycD3c.
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47 fARS B Fe HuFoEA AR CyeD3 KA

Relative expression of StCycD3

& > & & S o
0\\0$ 9 %\Q: \ © \§0
Organs

Figure 4. Analysis of StCycD3;1 gene expression in various potato
organs by semi-quantitative RT-PCR. Quantitative analysis of
CycD3 expression was performed by densitometer. 1: flower, 2: leaf,
3: stem, 4: stolon, 5: root, 6: tuber.
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Figure 5. Analysis of StCycD3;1 gene expression in cell suspensions
under the control of sucrose. Quantitative analysis of CycD3 expres-
sion was performed by densitometer.
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